The objectives of this study were to investigate the pattern of unintentional drowning deaths and to identify the factors associated with drowning deaths in Thailand from 2000 to 2009. Reported death data were obtained from the Bureau of Health Policy and Strategy, Ministry of Public Health. During the period from 2000 to 2009, 41 620 deaths were reported and 1016 deaths were excluded from this study because of unknown place of death. The overall drowning death rate per 100 000 population was 6.3 (9.6 in males and 3.0 in females). The highest death rate was in males aged 0 to 4 years and in year 2006. Males in all age-groups (except in those aged 15-29 years) and females aged 0 to 4 years had higher drowning death rates than the average rate. Death rates in some public health areas in the central, the northeast, and the northern regions and in year 2005 and 2006 were higher than the average rate.
Introduction
Drowning contributes to disability or premature death in many countries. [1] [2] [3] [4] In 2004, nearly 388 000 people died from drowning worldwide at a rate of 6.2 per 100 000 population, accounting for 7% of all injury-related deaths. 5 The majority of drowning deaths occurred in low-and middleincome countries especially in the African, Western Pacific, and Southeast Asian regions. 5 Drowning occurs in all age-groups but globally, more than half of all such deaths are among children younger than 15 years. 6 Small intercountry variations were reported in the drowning mortality rate. A study of drowning deaths in 69 countries reported that the 5 countries with the highest aged-adjusted drowning death rates were Lithuania, Latvia, Thailand, Republic of Moldova, and Kyrgyzstan, accounting for 9.8, 6.9, 7.1, 6.9, and 5.4, respectively. 7 In Thailand, drowning was the fifth leading cause of unintentional injury death for all agegroups. 8 A total of 4090 drowning deaths were reported in 2009, which accounted for 6.4 deaths per 100 000 population. 9 Two thirds of drowning deaths occurred among those younger than 15 years. 10 Drowning deaths in Thailand mostly occur in natural water bodies such as rivers, ponds, ditches, and lakes. 3 Previous studies have focused on drowning among children younger than 15 years because this group has the highest risk of death due to drowning. 3, 11 However, there are few studies in Thailand that have considered drowning deaths in all age-groups. The results from this study will provide better information on burden of drowning death, assist in better understanding trend, and provide useful information for health planning to prevent death from drowning in Thailand. The study aimed to investigate the distribution of drowning death rates in each demographic factor and to examine independent effects of age, gender, region, and year on drowning death rates in Thailand during the period 2000-2009. The total number of drowning deaths during 2000 to 2009 was 41 620. The independent variables were year, Public Health Area (PHA), gender, and age-group. In Thailand, PHA was classified into 13 areas. Each PHA consists of approximately 5 to 7 provinces except PHA13 (Bangkok). PHA1 to PHA4 are in central, PHA 5 to PHA7 are in northeast, PHA8 to PHA10 are in north, PHA11 and PHA12 are in south regions, and PHA13 is Bangkok. Age was divided into 6 groups: 0 to 4, 5 to 14, 15 to 29, 30 to 44, 45 to 59, and 60 years and older. Gender and agegroup were combined as these 2 variables had significant interaction, resulting in 12 categories (2 genders × 6 age-groups).
Methodology
Error checking was performed to find wrong codes, missing values, and extreme values. All the errors were cleaned before analyzing the data. Missing age was found for 0.01%. All these missing values were grouped into age 80 years and older according to Health Systems Research Institute and Institute for Population and Social Research, Mahidol University (2003)'s suggestions as most of missing ages are elderly people. 12 Unknown province of death was found for 1016 deaths or 2.44%. Thus, all these values were omitted and 40 604 deaths were used for further analysis.
Drowning death rates were computed as the number of drowning deaths divided by the midyear projected national populations in 100 000s. The number of deaths (λ ijt ) per 100 000 population (P ijt ) by PHA (i; i = 1, 2, 3, . . ., 13), gender-age-group (j; j = 11, . . ., 16, 21, . . ., 26) , and year (t; t = 2000, 2001, 2002, . . ., 2009) were modeled using a negative binomial model to allow for possible departure from the Poison model due to overdispersion, that is,
).
In this model, α i are the PHA-specific parameters, β j are the gender-age-group parameters, and γ t are the year parameters. Sum contrasts were used to provide confidence intervals for each level of each factor enabling comparison with the overall mean. Drowning death rates in each PHA were estimated using these confidence intervals to classify PHAs into 3 groups using dark gray, gray, and light gray colors separated as above average, average, and below average, respectively. The model results are presented using graph of confidence intervals and map of Thailand. All statistical modeling and graphical displays were performed using the R program.
Results
The total number of reported drowning deaths for 2000 to 2009 was 41 620. After excluding 1016 deaths from this study because of unknown place of death, 40 604 deaths were used for further analysis. Of these, 75.4% were males. The highest drowning death rate was found in the 0-to 4-year age-group (10.9 per 100 000 population). The highest drowning death rate was found in PHA2, followed by PHA3 and PHA8, respectively. Drowning death rate had a peak in year 2006. The results are shown in Table 1 .
After fitting the model, the goodness of fit of the model to the data was evaluated by plotting residuals versus normal quantiles as shown in Figure 1 (right panel) . The plot indicates the model fit well as most residuals follow the diagonal line corresponding to the distributional assumption. The observed against fitted drowning mortality rate per 100 000 population is also shown in Figure 1 (left panel) . The model fits the data quite well. The 95% confidence interval graphs of drowning death rates per 100 000 population for each factor from the negative binomial regression model using sum contrasts are shown in Figures 2  and 3 . Each graph is adjusted for the effects of the other factors in the model. The dotted horizontal lines in each graph represent the overall mean of the drowning death rate, which was 6.3 per 100 000 population. Drowning death rates by gender-age-group in males were consistently higher than those in females across all age-groups. A decreasing trend from the 0-to 4-year age-group to the 15-to 29-year age-group was found in both genders and increasing trend for both genders occurred after age 15 to 29 years until age 60 years and older. Males aged 0 to 4 years had the highest drowning death rate whereas females aged 15 to 29 years had the lowest drowning death rate. Males in age groups 0 to 4, 5 to 14, 30 to 44, 45 to 59, and ≥60 years and females in age-group 0 to 4 years had higher drowning death rates than the average rate whereas females 15 years and younger had lower death rate than the average rate. Drowning death rates in year 2005 and 2006 were higher than the average and the highest rate occurred in 2006. PHA13 had the lowest drowning death rate. Death rates in PHA2, PHA3, PHA4, PHA5, PHA8, and PHA9 were higher than the average death rate whereas death rates in PHA6, PHA11, PHA12, and PHA13 were lower than the average. Figure 4 shows a schematic map of drowning death rates per 100 000 population by PHA, based on confidence intervals. The map shows that PHA1 (Phra Nakhon Si Ayutthaya, and AngThong), PHA2 (Lop Buri, Sing Buri, ChaiNat, Saraburi, Nakhon Nayok, and Suphan Buri), PHA3 (Rayong, Chanthaburi, Trat, Chachoengsao, Prachin Buri, and SaKaeo), PHA4 (Ratchaburi, Kanchanaburi, Nakhon Pathom, and Samut Songkhram), PHA5 (Nakhon Ratchasima, Buri Ram and Surin), PHA7 (Si Sa Ket and Nakhon Phanom), PHA8 (Nakhon Sawan, Uthai Thani, Kamphaeng Phet, and Sukhothai), and PHA9 (Uttaradit, Phitsanulok, Phichit, and Phetchabun) had drowning death rates significantly higher than the overall mean.
Discussion
There were 41 620 deaths from drowning from 2000 to 2009. The average proportion of drowning deaths for all causes of injury deaths in Thailand was 9.8%. The majority of drowning deaths were among males (75.4%). The overall drowning death rate in Thailand was 6.3 per 100 000 population. This rate is similar to the estimated global drowning death rate in 2004, which was 6.2 per 100 000 population 5 and the death rate in developing countries such as Bangladesh, 13 India, 14 Mexico, 15 Kyrgyzstan, Public of Moldova, and Lithuania 7 with the rate per 100 000 population of 10.5, 7.4, 6.6, 5.4, 6.9, and 9.8, respectively.
In developed countries, drowning death rate has declined 1, 16, 17 whereas the rate has increased in developing countries. 2, 3 An increasing trend in drowning deaths in Thailand was evident in 1987-1996. 10 However, in this study, the increasing trend was observed only in males. This can be explained by the fact that outdoor activities are often dictated by cultural gender roles. Males are more likely to engage in recreational activities outside the home or surrounding areas, whereas females are more likely to engage in recreational activities in or near their homes. This is consistent with the findings of Rahman et al 18 and Kiakalayeh et al. 19 Males had higher drowning death rates than females. Our finding agrees with the previous studies. Males accounted for 76% of unintentional drowning aces in New Zealand. 16 In Louisiana, most of drowning deaths occurred among males (84%). 20 A review of Peden and McGee 21 revealed that males had previously been found to have higher drowning death rates than females in all age-groups. Lindholm and Steensberg 22 reported that 72.5% of drowning deaths in Denmark were males. In Iran, 87% of drowning deaths were males and a male-female ratio of death rate was 6.5:1. 23 In China, the finding of Ma et al 11 revealed that boys were at higher risk of drowning compared with girls. In the United States, the proportion of deaths was significantly greater among males than among females. 17 In Thailand, Ekchaloemkkiet and Gerdmongkolgan 24 and Gerdmongkolgan et al 25 reported that the proportion of deaths in those younger than 15 years was greater among males than females by up to 3 times.
Drowning rate was highest among those younger than 5 years, which is consistent with drowning data from most areas of the world. 2, 21 In contrast, in Australia, Mitchell et al 26 estimated (using drowning mortality adjusted for exposure to risk in Australia) that males 65 years and older had higher rates than females. Nevertheless, in Thailand, drowning is the fourth leading causes of death among those younger than 15 years, accounting for 10% of all causes of deaths. 27 Most drowning cases among children are due to lack of swimming skills or parents being busy with their work who might not observe that their children went away to swim at a pool or natural river near the house.
Our study found that the majority of drowning deaths occurred in the central (PHA1-PHA4) and northern regions (PHA8-PHA10) with rates above the overall mean, whereas Bangkok (PHA13), the capital of Thailand, had the lowest drowning death rate. This finding is consistent with previous studies that most drowning occurred in rural areas. 15, 28 Another possible reason can be that drowning deaths in rural areas were higher than in urban areas. 29 Many past studies reported that most of drowning deaths in all age-groups occurred in natural bodies of water such as ponds, ditches, river, sea, and lakes, most of which were in rural areas. 1, 2, 4 Unfortunately, our study lacks this information because death certificates recorded the place of drowning in less than 1% of the deaths. Thus, this factor was not included in the analysis.
Death rates in years 2005 and 2006 were higher than average. The higher number of drowning deaths may be related to flood. In 2005, a big flood covered 8 provinces in the south and Chiang Mai province in the north. In 2006, a great flood occurred in the north covering 8 provinces and caused landslide. Water levels were higher because of disastrous flood in those years. The reasons for this result also need to be investigated in further studies.
A prevention policy for drowning mortality should be targeted at children aged 0 to 4 years and particularly among males. As the results in this study indicate, awareness among mothers and relatives about the risk of drowning should be increased, which requires more precaution practice and knowledge transfer to the parents. Drowning prevention programs in the form of active prevention such as water safety guidance for parents, water safety education and swimming lessons for children, and placing warning signs in unsafe zones, should be used to reduce drowning death rates in Thailand. All these prevention programs need to be implemented especially in the central, the northeast, and north regions of Thailand.
The present study analyzed drowning deaths in Thailand based on available data for gender, age-group, PHA, and year. There are some limitations in this study. First, death rate was calculated based on death certificate data, which may be underreported. The second limitation is lack of information on other factors that may be associated with drowning deaths such as the place of drowning, time of drowning, month of drowning, distance of place of drowning from home, and swimming ability, which may help us in getting additional information.
Further studies need to indentify the association of all these factors with drowning death. Multivariate multiple regression and Lee Carter model are some models that can be used for investigating and forecasting the trend of drowning death rates.
